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[57] ABSTRACT

A laser linear measurement system wherein a laser beam -
is generated and directed to an interferometer and re-
flected by a retroreflector movably mounted on a car- -
riage or other component and adapted to travel forward
to a set point, the said retroreflector having means
adapted to be fulcrumed to move forwardly or rear-
wardly on an arc to reflect a parallel beam to the linear
measuring interferometer and secure a true linear mea-
surement of an object to be measured.

5 Claims, 4 Drawing Sheets




~ US.Patent May29,1990  Sheet1of 4 - 4,929,082

16

< <
= - -
o 2 o 8 'g_
& N\ q- & — .
O O

“
-

-

MEASUREMENT
DISPLAY

o
o
Ll
.
o
0l
m.
<
-

LASER HEAD
MEASUREMENT
DISPL AY




US. Patent  May 29, 1990  Sheet2of4 4,929,082




US. Patent May29,1990 Sheet 3 of 4 ' - 4,929,082 _ '

3l

N N A( 1lﬂlml"m‘én }
. ._g_u__uum """" ENNl
NE N\
= ‘Q'Imllnulnnliillillhk “““wx\\x\l

\ ‘

2 SO ,
—'LL1 Ll '
m# lllﬂlllll.:n

Q‘..‘
{a

“‘.‘.‘
...L_.n (._:




US.Patent May»,1%  Sheetdors 4929082

=N

"”M

-

il

\

iﬂé! _ _
T e Y

F1G.4

7

l
S e~
b ' : N
< TRERITT VT TN

| / <
A .ees =

T~ _ \ N '|1||
f—j\\ |
N N 00

) N QN

o
N X

o
N

|
Y




4,929,082

1

LASER LINEAR DISTANCE MEASUREMENT
SYSTEM AND APPARATUS

BACKGROUND OF THE INVENTION 5

This invention relates to a laser linear distance mea-
surement system and relates more particularly to a ret-
roreflector for such systems which obtains a precise
direct accurate dimensional measurement while adapt-
ing to angular displacement or pitch which in prior
systems effects an Abbe offset distance about the axis of
travel between the scale axis and measurement axis and
makes the indicated length either shorter or longer than
the actual length.

In the past, interferometric methods and apparatus
have been employed in which a coherent collimated
light beam, as from a laser, has been split into two parts,
one of which is given a frequency shift and the other of
which is reflected from the surface under investigation, 20
as shown in U.S. Pat. No. 4,005,936 and the phase of the
modulated light carrier signal is transmitted to and re-
flected back from a distant reflector and compared with
a reference modulated light carried signal to provide a
direct read-out of distance to the reflector as shown in
U.S. Pat. No. 3,619,058. A beam director for an optical
ranging system also has been employed for interfero-
metrically measuring distance changes between two
retroreflectors in which the beam of radiation is intro-
duced between the two reflectors by a steering beam
splitter pellicle positioned obliquely therebetween as
shown in U.S. Pat. No. 4,436,417.

In such prior art methods and apparatus various com-
pensating means are employed to compensate for Ab-
be’s error which results from defects of the components
in a geometric measurement system.

SUMMARY OF THE INVENTION

It is a primary object of this invention to provide a
system and apparatus which will avoid drawbacks in
prior methods.

In particular the invention provides a system and
apparatus directly detecting the Abbe’-error and secur-
Ing an accurate measurement.

A further object of the invention is to provide a sys-
tem and apparatus whereby the retroreflector is
adapted to directly compensate for Abbe’-offset errors.

Another object of this invention is to provide a retro-
reflector which is economical in manufacture and g,
highly efficient and accurate in use.

Other objects of this invention and the invention itself
will become more readily apparent from a purview of
the following specification and drawings in which like
parts are designated by like reference characters.

IN THE FIGURES:

FIG. 1a is a schematic view of a laser beam generat-
ing section including a primary laser head, an interfer-
ometer and a retroreflector in normal measurement gQ
position;

F1G. 1) is a view similar to that of FIG. 1 showing a
retroreflector in fulcrumed position due to pitch;

FIG. 2 1s a schematic side plan view similar to that of
FIG. 1 illustrating the retroreflector in section;

FIG. 3 1s an enlarged sectional end view of the retro-
reflector of FIGS. 1 and 2 illustrating the mounting of
the same on a carriage;
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FIG. 4 is an enlarged side sectional view of the retro-
reflector of FIG. 3;

FIG. 5 is a top view taken from the line 5—3 of FIG.
4.

Referring now to the drawings, in all of which like
parts are designated by like reference numerators,
FIGS. 1a and 1b are optical schematics of the present
invention wherein a wave length of light from a low
powered helium-neon laser 10 is used as a length stan-
dard, the laser 10 generating a coherent and collimated
laser beam 12 which is directed to an interferometer 13
and reflected by a retroreflector 14 in alignment there-
with, the change in distance as illustrated in FIG. 2 of 11
between the measuring contact point 16 and the fixed
reference point 17 is represented by the change in dis-
tance between the interferometer 13 and the retroreflec-
tor 17 as indicated on the measurement display unit 33.
In order to reflect the laser beam back to the interfer-

ometer, the reflector is in alignment with the generating
means as shown and the output beam redirected by the
retroreflector 14 to the interferometer 13 is parallel to
the beam directed to the retroreflector.

The retroreflector 14 as shown mounted below the
measuring contact point 16 is carried by a movable
carriage 15 and is adapted to move over the way 33, in
FI1G. 2 towards a fixed reference point 17. The retrore-
flector of the invention is fulcrumed to move forward
on an arc or rearward on the same to compensate for
the movement of the measuring contact point that may
result from the piich of the carriage as it moves on the
way. It is movably positioned, as stated, with 1its optical
reflecting means disposed below the way.

The reflector 14, as best shown in FIGS. 2, 3, 4 and 5,
comprises a housing 20 of tubular form with a cup-
shaped portion 21 at its lower end and a cap 22 or other
enclosure on its upper end. A pendulum or reed 23 of
dacron or the like is suspended freely within the elon-
gated tubular body 30 of the reflector from the cap of
the same and carries at its lower end a glass optical
square 24 having intersecting angled reflecting faces 27
and 28. The same 1s carried as a bob on the pendulum 23
and disposed within the cup-shaped portion 21 which is
provided with a reflecting optical glass 26 on the outer
face thereof and angled reflecting faces 27, 28 reflect
the beam through the glass 26 back to the linear measur-
ing interferometer. In the bottom of the cup-shaped
portion 21 as shown in FIGS. 3 and 4 a damper such as
silicon fluid is shown at 25. The reflector, as shown in
FIG. 3 is secured to the carriage 31 by bolts 29 and the
tubular body 20 is secured to the cup-shaped bottom
casing 21 of the housing by screws, bolts or other fas-
tening means 32. The reflector 1s thus carried by the
carriage toward a fixed point. The pendulum causes the
reflector to be fulcrumed and move forwardly or rear-
wardly on an arc following the movement of the mea-
suring contact point that may result from the pitch of
the carriage as it moves over the way, hence giving an
exact or true linear measurement of an object to be
measured eliminating the so-called Abbe’ error, which

~ true measurement is disclosed on the counter, monitor

or measurement display 3S.

As shown in FIGS. 1 and 2, the reflected beam 40 to
the generating section through the interferometer is
parallel to the first beam 12 and enables the measure-
ment of length of an object placed between the contact
measuring point 16 and fixed reference point 17 to be
true at all times.
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While I have described my invention in connection

with a preferred embodiment, I am aware that numer-
ous and extensive departures may be made therefrom,
such as the mounting of the reflector on various compo-

4,929,082

nents etc., without departing however from the spirit of )

my invention or the scope of the appended claims.

What I claim is: |

1. A linear measurement system having a laser gener-
ating source directing a first laser beam to an interfer-
ometer and thence to a retroreflector, said retroreflec-
tor adapted to move on a surface to be measured, opti-
cal reflecting means carried by a pendulum mounted
within a mounting for the retroreflector adapted to
reflect a laser beam directed parallel to the said first
beam through the linear measuring interferometer to
the laser generating source.
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2. A linear measurement system as claimed in claim 1
wherein the mounting for the retroreflector has a tubu-
lar body in which the pendulum and optical reflecting
means are mounted. ‘

3. A linear measurement system as claimed in claim 1
wherein the mounting for the retroreflector has means
adapted to be fulcrumed to move on an arc to reflect the
retroflected beam and secure a true linear measurement.

4. A linear measurement system as claimed in claim 1
wherein the retroreflector is mounted on a carriage
movable over a way toward a fixed point of measure-
ment.

9. A linear measurement system as claimed in claim 1
wherein the retroreflector directly causes the interfer-
ometer to record a true linear measurement of an object

to be measured.
* X X X X%
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